Lung volumes are measured to evaluate the normality of respiratory function. The development of accurate norms would therefore increase both the accuracy of clinical interpretation together with the sensitivity for detecting disease. However, many of the published regression equations for predicting lung volumes are based on samples which included smokers and former smokers,'15 despite the acknowledged deleterious effect of tobacco smoke on the lung. Also, the incidence of other important factors, such as previous history of respiratory disease, exposure to atmospheric pollution, and present debility (coughing, wheezing and bringing up phlegm), has not always been documented. Furthermore, some reports contain norms which are now more than 20 years old,13" and several studies",4", used samples which contained some hospital patients. Only one set of standards has been published recently6 on lifetime nonsmokers using equipment and techniques approved by the American Thoracic Society (ATS). However, this sample was based largely on Mormons from Utah. There is a set of Australian lung volume prediction equations in the literature, but they are oflimited value since they were generated on a small sample (n = 48) which included some exsmokers and hospital patients.4 It is, therefore, common practice in Australia to use overseas norms.
The aims of this study were as follows: (1) develop multiple regression equations for predicting reference lung volume values for healthy lifetime nonsmoking South Australian males; (2) include the rarely used predictors of sitting height, chest diameters and cir-girth, and chest expansion (FRC: R =.748, SEE= 504 ml; RV: R =.725, SEE = 301 ml; VC: R =.808, SEE = 537 ml; TLC: R=.808, SEE=551 ml; RV/TLC: R=.778, SEE = 4.15 percent). The range of normality was defined as the predicted value + the 95 percent confidence interval (two-tailed test). Cross-validation of other FRC, RV, VC, and TLC equations in the literature indicated that they were unsuitable for use with our data.
cumferences in addition to the more traditional independent variables of age, height, mass and body surface area (BSA); and (3) cross-validate the multiple regression equations reported by other investigators against those developed on the South Australian data. Table 1 contains the descriptive statistics for the 162 South Australian male subjects. Each volunteer signed a consent form. An adaptation of the short form questionnaire endorsed by the Medical Research Council's Committee on the Aetiology of Chronic Bronchitis7 was used to screen the subjects on the basis of having:
METHODS

Subjects
(1) From memory, never smoked more than three packs of 20 cigarettes in their lifetime. (2) Never suffered from asthma, chronic bronchitis, pneumonia, pulmonary tuberculosis, pleurisy, or any other chronic chest ailment. (3) Never had a persistent cough or brought up phlegm for as much as three months of the year. (4) Not treated recently for any major respiratory condition. This includes medication which affects the respiratory system, eg, beta-agonists and blockers; (5) Not had chest surgery and/or a major chest injury; and (6) Never worked in a heavily polluted environment for any extended period. An attempt was made to make the sample as heterogeneous as possible for height, mass, and exercise pattern within each age group. Only eight ofthe 108 subjects in the four youngest age groups could be considered as athletes in serious training. The subjects were instructed not to participate in strenuous exercise prior to the test since the resultant pulmonary vascular engorgement decreases compliance. No tests were conducted on subjects who had symptoms of a respiratory tract infection.
Lung Volumes
The functional residual capacity (FRC) was measured using a 10 L Stead-Wells spirometer (plastic bell) and helium analyzer in accordance with a modification' ofthe closed circuit multiple breath helium dilution method originally outlined by Meneely and Kaltreider.' All tests were conducted at an altitude of 150 m above mean sea level. The system was checked for leaks before and after each trial, volumetrically calibrated daily over the complete range of measure- ment using a precision syringe and the linearity of the helium analyzer together with constancy of the deadspace were monitored weekly. The subjects were tested in the sitting position, wore a noseclip, and were requested to maintain a tight seal around the mouthpiece. They were instructed to expire to residual volume (RV) after approximately three minutes of rebreathing when an equilibrium had been achieved between the helium in the spirometer system and that in the lungs. Verbal encouragement was given throughout. All subjects were held at the end point for several seconds and then similarly instructed to inspire to their maximum *All volumes are BTPS. capacity (VC maneuver). These two maneuvers were repeated approximately one minute later when a steady respiratory pattern had been re-established. The largest of the VCs was used in further calculations. The foregoing comprised the first trial. A second trial was conducted at least 15 minutes later to allow elimination of the helium remaining in the subject's lungs. Each subject's score was the mean of the two trials. Volumes were calculated manually from the linear displacements on the spirometer tracings (1 mm = 41.45 ml). The recording of barometric pressure and gas temperature enabled all volumes to be converted to milliliters BTPS. A programmable calculator and printer were then used to compute FRC, ERV, RV, IC, VC, TLC, and RV/TLC (percent). A correction factor of 125 ml accounted for both the volume of helium absorbed by the blood during the equilibrium process and the deadspace of the mouthpiece.9"0
Anthropometry
The following variables were measured in accordance with the procedures recommended by Ross and Marfell-Jones": height, sitting height, mass, biacromial breadth, chest girths (maximum and end-tidal), anterior-posterior and transverse chest breadths. The BSA was computed from the equation of Du Bois and Du Bois.'
Statistical Analyses
Stepwise multiple regression analyses were used to derive equations for predicting lung volumes (criterion or dependent variable) from the best weighted combination of significant (p'0.05) predictors or independent variables (age; heights; mass; pairwise interactions of age, standing height and mass; BSA; chest girths and breadths). Regression equations were also computed using transformations (X2, X3, V'X and ln X) for those independent or predictor variables which departed from linearity. The residuals for each reported equation were checked for normality of distribution. Furthermore, plots ofresiduals against each predicted lung parameter and all independent or predictor variables were inspected to confirm that the assumption of homoscedasticity had not been violated. Finally, 95 percent confidence intervals were computed for each subject using the equations presented by Zar. '3 Published equations for FRC, RV, VC, and TLC were then crossvalidated as follows:
(1) Dependent t-tests (p'0.05) were computed between our measured lung volumes and those predicted by the crossvalidated equations. (2) The prediction errors (our measured -their predicted) were regressed linearly on our predicted values. Ifneither the slope nor the intercept differ significantly (p'0.05) from zero, then the cross-validated equation is basically in agreement with our own which is optimal for our data. However, ifthe slope ofthis regression line is significantly different from zero, the implication is that the cross-validated equation's prediction errors vary across the range of measurement, whereas if the slope is not significantly different from zero but the intercept is, then there is a consistent bias for all parts of the scale.
RESULTS
The descriptive statistics for age, height, mass, and the lung volumes are contained in Table 1 which indicates that there are approximately equal distributions for height and mass in each of the six age groups. Also, identical numbers in all age groups ensured an adequate sampling of older subjects. The data in Table  2 indicate a high degree of reproducibility. Table 3 shows the multiple regression equations for the prediction of FRC, RV, VC, TLC, and RV/TLC (percent). Analysis of residuals for all these equations Table 3 . Thus, confidence intervals which predict the range of normality for a given subject tend to be somewhat large, but they are nevertheless considerably smaller than the variability in the population as a whole. Some studies have noted that the FVC increases until 23 to 27 years in men, and thereafter exhibits a steady decrease.6,14 Our overall (n = 162) nonlinear equation for VC seemed to compensate for the curvilinearity present in our data, since the comparable equation generated on the 135 subjects who were older than 25 years exhibited a larger standard error of estimate. The overall nonlinear equation is reported in Table 3 due to its larger multiple correlation coefficient, smaller standard error of estimate, and lower residual mean square. By comparison, the linear equation tended to overpredict by 100 ml for the youngest and oldest age groups but underpredict by the same amount for the 45 to 54 year age group. A similar but larger trend was reported by Schoenberg et al'5 for FVC. It can be argued that 100 ml is not large enough to be of physiologic significance, but the increased accuracy and precision of the nonlinear equation makes statistical sense, and furthermore, the transformations can be easily performed on a calculator. While the precise relationship between lung volumes and aging is somewhat confounded by interactions between these two variables and height together with mass, Table 1 indicates that the biggest agewise changes were the increases in RV and RV/TLC (percent) and a decrease in VC.
It has been common practice in a clinical setting to define the range of normality as the predicted value ±20 percent. This is untenable because the range of normality decreases as the predicted value gets smaller. 
It is appropriate to compare our best equations in Table 3 with those of the studies in Table 4 which were used for the cross-validation analyses. The standard error of estimate is the most appropriate basis for comparison, since it is a direct measure ofthe accuracy of the predicted lung volume. Our standard errors of estimate were lower than all those reported for FRC, RV, TLC, and RV/TLC (percent). Goldman and Becklake,2 Grimby and Soderholm,3 and Needham et a. all reported lower standard errors of estimate for VC of 488, 500, and 440 ml, respectively. However, these three studies contain data that are more than 22 years old. Apart from our own, the only other equations which reported that they used ATS-recommended procedures on a sample of lifetime nonsmokers are those of Crapo et al,6 but our smaller standard errors of estimate represent greater precision of prediction. It would therefore appear that our equations compare extremely favorably with those reported in the literature. However, the independent variables ofend-tidal chest girth, expanded chest girth, and chest expansion will be affected by any chest wall, lung, or airway disease which results in either obstructive or restrictive ventilatory defects. For example, in the case of an emphysematous patient manifesting hyperinflation together with a reduced chest expansion, the best equations in Table 3 will underpredict the normal values for FRC, VC, and TLC. It is, therefore, the equations which use only age, height, and mass as predictor or independent variables which are recommended for the clinical setting. These equations also compare extremely favorably with those of the six studies used for the cross-validation analyses. The standard errors of estimate for the FRC, RV, and RV/ TLC (percent) equations were lower than those for the other studies reported in Table 4 VC was much larger (5,175 ml vs TLC -RV = 4,791 ml), whereas the converse applied for the RV (1, 607 ml vs 1, 944 ml). The foregoing indicates that the larger VC and smaller RV for our subjects was due to their ability to elicit a greater maximum expiration, ie, larger ERV. Our RV/ TLC of 23.9 percent was, therefore, lower than the Crapo et a16 value of 29.0 percent. G/ Figures 1 and 2. tion. The large TLC difference for the Needham et a15 equation is probably due to the fact that their multiple regression equation is incorrect since use of the reported means for their independent variables yielded a predicted mean of 8,945 ml compared with the measured one of 6,230 ml. The measured and predicted means should be identical ifrounding errors are ignored. In summary, while it can be postulated that the cross-validation analyses have the limitation of merely assessing how well other investigators' equations perform on our data, there does appear to be a strong case for the development of our population specific equations. Possible factors responsible for the differences indicated in Table 4 and Figures 1 Aus- tralian pulmonary function laboratories whose methodology and instrumentation are identical to our own provided the subject's age, height, and mass are all within the reported ranges for our sample. Nevertheless, it would still be prudent to beforehand test 10 to 20 normal subjects and determine whether an acceptably small proportion ofthem fall outside the 95 percent confidence interval. '7 
